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ANNUAL  TECHNICAL  REPORT 


This  is  the  annual  report  for  the  AFOSR-AASERT-92  sponsored  research  project  - 
"Anionically-Conductive  Ultrathin  Film  Composite  Membranes."  This  report  summarizes 
progress  made  during  the  period  June  1,  1993  to  May  31,  1994. 

I.  Summary.  As  noted  in  the  previous  technical  report,  we  are  interested  in  using 
interfacial  polymerization  to  synthesize  ultrathin  film  composite  membranes  based  on 
electronically  conductive  polymers.  During  the  previous  year  of  AASERT  funding  we  have 
expanded  on  this  idea  in  a  number  of  ways.  We  have  done  such  interfacial 
polymerizations  to  make  conductive  composite  membranes,  to  make  new  composites  for 
membrane-based  separations,  and  to  make  novel  coated-hollow-fiber  membranes.  These 
various  advances  on  the  central  theme  of  the  AASERT  report  are  described  in  the  15 
articles  published  under  the  AASERT  grant.  In  addition  this  work  is  reviewed  here. 

II.  Body.  The  ultrathin  film  composite  membrane  concept  we  have  been  exploring 
is  extremely  powerful.  In  the  AASERT  funded  research  we  are  taking  it  into  many  new 
dimensions.  Some  of  these  new  dimensions  will  be  reviewed  here.  Details  can,  of  course, 
be  found  in  the  15  papers  published  as  part  of  this  work. 

A.  New  Conductive  Composites.  Fluropolymers  have  many  highly-beneficial 
properties  such  as  tremendous  chemical  and  thermal  stability,  good  mechanical 


properties,  and  good  chemical  processibility.  These  polymers  are,  however,  electronic 
insulators  with  extremely  high  resistivity.  We  have  been  exploring  the  possibility  of 
preparing  composite  membranes  consisting  of  a  fluoropolymer  support  and  an 
electronically  conductive  polymer  coating.  If  such  composites  could  be  prepared,  they  — 
would  combine  the  good  attributes  of  the  fluoropolymers  (see  above)  with  the  electronic 


conductivity  of  the  conductive  polymers. 
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The  potential  pitfall  in  preparing  composites  based  on  fluoropolymers  and 
conductive  polymers  is  that  the  surface  energy  of  the  fluoropolymer  is  so  low  that  the 
conductive  polymer  film  will  not  stick  to  it.  We  have  developed  a  novel  approach  for 
solving  this  problem.  We  first  coat  the  fluoropolymer  surface  with  a  thin  film  of  the 
perfluorosulfonate  polymer  Nafion.®  Because  both  polymers  are  fluoropolymers,  adhesion 
is  good.  We  then  use  our  interfacial  polymerization  method  to  coat  the  Nafion®  film  with 
the  conductive  polymer  polypyrrole. 

Because  Nafion®  is  polyanionic  and  polypyrrole  is  polycationic,  adhesion  between 
the  two  is  extremely  good.  In  this  way  we  have  succeeded  in  preparing  novel,  highly- 
conductive  fluoropolymer/conductive  polymer  composite  membranes. 

B.  Membrane-Based  Separations  and  Coated  Hollow  Fibers.  We  have  been 
exploring  the  idea  of  using  electronically  conductive  polymers  as  chemically-selective 
layers  in  membrane-based  chemical  separations.  We  are  exploring  the  gas-transport 
properties  of  these  polymers,  and  we  are  investigating  the  possibility  of  using  these 
polymers  in  pervaporation  separations.  The  interfacial  polymerizations  we  have 
developed  are  used  to  prepare  ultrathin  films  of  conductive  polymers  for  these 
investigations. 

One  of  the  most  important  breakthroughs  was  in  developing  interfacial 
polymerizations  to  coat  hollow  fiber  membranes  with  ultrathin  films  of  conductive 
polymers.  Such  coated  hollow  fibers  have  myriad  potential  applications  in  sensors,  gas- 
separations,  electrodialysis,  pervaporation-separations,  etc.  We  are  continuing  this 
research  effort  by  exploring  in  particular  sensor  and  pervaporation  applications  of  these 
coated  hollow  fibers. 

III.  Status  of  Research.  The  work  on  interfacial  polymerization  of  ultrathin 
electronically  conductive  polymer  films  has  opened  many  doors.  We  have  reviewed  some 


here  and  in  our  various  research  papers.  We  are  now  following  up  on  these  exciting 
research  opportunities.  Areas  of  particular  emphasis  are  in  novel  biosensors  and  novel 
membranes  for  pervaporation  separations. 
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VII.  New  Discoveries.  We  have  discovered  new  ways  to  prepare  new  conductive 
composite  membranes  and  new  coated  hollow  fibers  for  sensors  and  membrane-based 
chemical  separations. 

VIII.  Statement  for  Program  Manager.  The  general  concept  of  developing 
interfacial  polymerizations  for  forming  conductive  polymer  composites  is  proving  to  be 
quite  fruitful.  This  new  concept  has  opened  a  number  of  doors  in  membrane  research  and 
technology. 


